Experimental Study of the Various Plasma Current Start-up Methods in QUEST by O. Mitarai et al.
  
  
A Thomson scattering is a standard technique for 
electron temperature and density measurements. Since the 
scattering cross-section is very small, an efficient system is 
necessary to measure low density plasmas. Non-inductive 
start-up spherical tokamak (ST) plasma generated in the 
QUEST device is one such case, where the plasma is 
generated by RF waves, and the densities are less than 
][m 10 -318  in recent experiments.  
In the fiscal year 2010, a YAG laser system, a stage 
for laser injection and light collection optics, laser injection 
and exit ports and a light collecting window were installed 
on the QEUST device (Fig. 1). On the MH14 port, both a 
laser injection port and a light collection window are 
attached. The scattering angle for the center of the plasma 
(R=0.68 m) is about 166o. The injection and the exit 
windows are made of fused quartz and placed at the 
Brewster’s angle.  
Figure 2 shows the vacuum side photograph of the 
port. A large quartz window (with an effective diameter of 
318 mm and a thickness of 30 mm) and a paired folding 
panel shutter, a movable target can be seen. The solid angle 
of the window is about 0.067 str. for the scattering volume 
located at the center of the plasma. We are preparing for a 
spherical mirror (with a diameter of 500 mm and a focal 
length of 500 mm) and a fiber optics (with a diameter of 2 
mm and an N.A. of 0.37). With a numerical ray trace 
calculation, we confirmed that the present light collection 
optics has  the effective LΩ as large as  1 mm-str. Here, 
L is the scattering length and Ω is the solid angle of 
observation. A movable target composed of a magneto-
coupling transfer rod (with a stroke of 1.4 m) and a 
stainless steel plate was installed above the laser injection 
port. This target is used for the optics alignment for the 
entire measurement region (0.34 m < R < 1.08 m).  A 
paired folding panel shutter made of stainless steel was 
installed, which can be opened or closed by rotating each 
piece. The shape and position of the shutter were optimized 
numerically so that it is compact enough to fit in the port;  
does not touch the plasma; and does not partially block off  
the viewing scope. 
The large scattering angle (e.g. 166o) gives larger 
scattering length and hence the larger signal, which is 
favorable for measuring low density plasma. In addition, 
we are preparing for a multiple-pass Thomson scattering 
configuration to increase the SN ratio for the low density 
plasmas. As a test of the configuration, we have modified 
the Thomson scattering system in the TST-2 spherical 
tokamak device, and made a double-pass Thomson 
scattering configuration. Figure 3 shows a typical scattered 
light waveform in the double-pass system, where the first 
peak, the back-scattering signal, and the second, the 
forward-scattering signal, are well separated. 
 
 
Fig. 2 Vacuum side photograph of the laser injection 
and correcting window port (MH14). 
 
Fig.1. Plane view of the Thomson scattering system on the QUEST device. 
 
Fig.3 Waveform of a Thomson scattering 
signal (black) measured by the polychromator 
developed in the fiscal year 2009 and fitting to 
the template double pulse shape (red). 
 
1. Introduction  
  In general a spherical tokamak can flow a larger plasma 
current with respect to the magnetic field due to a fat 
configuration compared to the high aspect ratio tokamak. 
This is favorable to achieve ignition. However as the flux of 
the Ohmic transformer is limited, it is difficult to ramp up 
large plasma current.  To overcome this problem, it was 
proposed by one of author that the equilibrium vertical field 
coil can ramp up the large plasma current together with a 
heating power in a ST. Therefore it is important to 
demonstrate such effect in QUEST after establishing the 
plasma current by the small CS flux.  
  In this fiscal year, the plasma current up to 120 kA and 
divertor operations have been demonstrated using the CS 
flux and vertical field without the heating power application. 
 
2. Single swing operation 
 After modification of CS power supply circuit, the CS coil 
current waveform was adjusted to the current ramp-up time 
of 0.1 s.  Ohmic experiments have been performed during 
the discharge cleaning phase prior to RF experiments.  
Figure 1 shows the discharge waveform of the 90 kA flat top 
plasma current.  Finally 100 kA has been obtained.  
3. Pseudo-double swing operation 
  To increase the plasma current further, we have used 
additional B coils wound at the central part of CS. The coil 
turn number is almost one third of CS.  After decay of the 
main CS current, B-coil current is induced reversely. We 
call this the pseudo-double swing operation of CS current.  
As shown in Fig. 2, the peak current of 120 kA has been 
achieved.  However the flat top current is not obtained due 
to lack of optimization time. 
 
4. Divertor operation 
  In QUEST two types of divertor operations are possible. 
For the first trial we have used the outer and inner divertor 
coil series connection.  The plasma equilibrium has been 
calculated before experiments, and coil currents were set as 
predicted.  As the outer divertor coil has a reverse 
induction effect on the plasma current because of the same 
direction of the divertor coil current and plasma current.  
To reduce such effect it is better to operate with the small 
time change in the divertor coil current.  Therefore, in the 
initial breakdown phase, the divertor coil is activated 
together with the vertical field with PF17 coil to reduce the 
stray field.  Also the outer divertor coil current reduces the 
vertical field, the actual vertical field for equilibrium is 
reduced.  Therefore the resultant plasma current is as small 
as 40 kA.  As shown in Fig. 3, the plasma current up to 40 
kA has been obtained by CS coil single swing operation and 
together by PF26 vertical field and divertor coil current.    
  This work is performed with the support and under the 
auspices of the NIFS Collaborative Research Program 
NIFS09KUTR042. 
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Fig. 3. The plasma current evolution in ohmic divertor operation.  
(a)–(e) are the same as in Fig. 1, except for (d) PF35-12 divertor coil 
current.  Right figure: EFIT plasma cross section at 1.49s. 
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Fig.1.  The plasma current evolution in ohmic discharge with 
for ICS=8 kA. (a) Plasma current (b) CS current, (c) PF26 
vertical shaping coil current and PF17 vertical field coil current, 
(d) 8.2 GHz RF power, (e) loop voltage measured at three 
locations, (f) measured fluxes at three locations, (g) oxygen 
impurity line, and (h) horizontal and vertical plasma positions. 
(#10735) Operated by Hasegawa.  
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Fig.2.  The plasma current evolution in pseudo-double swing 
operation with for ICS=8 kA (#10939). (a)–(h) are the same as in 
Fig. 1. 
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